Subjects with metabolic syndrome (MetS) have a greater risk for acquiring type 2 diabetes mellitus (type 2 DM). The MetS criteria usually used are those of the National Cholesterol Education Program Expert Panel (NCEP) and Adult Treatment Panel III (ATP III) and of the International Diabetes Federation (IDF). This study aimed to evaluate the modified NCEP-ATP III and IDF criteria as predictor of type 2 DM among subjects with MetS.
INTRODUCTION
The metabolic syndrome (MetS) is one of a cluster of metabolic risk factors that include central obesity, hyperglycemia /glucose intolerance, hypertension, low HDL cholesterol levels, and high triglyceride levels. (1) (2) (3) The factors that affect the occurrence of MetS are among others gender, age, race/ethnicity, genetic factors, obesity, food intake, physical activity, alcohol consumption and smoking habit. (4) The criteria for the definition of MetS are variable, since there are different definitions of MetS, depending on the respective health organizations, such as the World Health Organization, the National Cholesterol Education Program Expert Panel (NCEP) and Adult Treatment Panel III (ATP III), the European Group for Study of Insulin Resistance (EGIR) and the International Diabetes Federation (IDF). (1) (2) (3) The WHO criteria emphasize the occurrence of insulin resistance with impaired fasting glucose (IFG), where fasting glucose is 100-125 mg/dL, or impaired glucose tolerance (IGT) where blood glucose level 2 hours after loading with 75 g glucose is 140-199 mg/dL, or on measuring the homeostatic model assessment of insulin resistance (HOMA-IR) value, in which fasting insulin and fasting glucose are compared. (1) The NCEP-ATP III criteria for the year 2004 are a combination of hyperglycemia, central obesity, atherogenic dyslipidemia and hypertension. These criteria are more frequently used because they are more simple and reliable compared with other criteria, (5) whereas the IDF focus on the presence of central obesity, even in the absence of insulin resistance, together with 2 or more components. The cut-off point for central obesity depends on the population, ethnic group, and gender. (1) The MetS prevalence is currently steadily increasing in many countries concomitant with the high rates of general and central obesity in the community. (6) In individuals with MetS, the morbidity and mortality risks increase as a result of cardiovascular disease and diabetes mellitus (DM). Several studies have shown that subjects with MetS have a three-fold greater risk for experiencing myocardial infarction or stroke and a five-fold greater risk for suffering from type 2 DM. (7) (8) (9) (10) (11) (12) (13) The British Regional Heart Study (BRHS) and the Prospective Study of Pravastatin in Elderly at Risk (PROSPER) in the UK have also shown that MetS carries a 7.5-and 4.4 times greater risk for the occurrence of DM. (10) A cohort study conducted by Dekker et al. (11) for 10 years on non-DM subjects showed that MetS has a 2fold increased morbidity and mortality risk as a result of cardiovascular disease. Individuals having >3 MetS components and central obesity have a 10-fold greater risk for DM. (12) These research results found different risks for DM, depending on the MetS criteria used. (13) The MetS prevalence based on the NCEP-ATP III criteria in Jakarta is 28.4%, (5) whereas that based on the IDF criteria among subjects of the cohort study of non-communicable disease (NCD) risk factors (3945 subjects) is 14.1%. (14) The risk of DM in non-DM subjects with MetS in the cohort study of NCD risk factors have not been further analyzed. Therefore, this study aimed to find the prevalence of MetS based on the NCEP-ATP III and IDF criteria and the risk of type 2 DM in respondents with MetS among non-DM subjects.
METHODS

Study design
An observational study using a cohort approach was conducted from 2011 to 2014 in five kelurahan [villages], i.e. Kebon Kalapa, Ciwaringin, Panaragan, Babakan and Babakan Pasar), Central Bogor District, Bogor City.
Study subjects
The study subjects were 25-65 year-old respondents of the cohort study of NCD risk factors (baseline data for the years 2011 and 2012), who were permanent residents of five kelurahan in Central Bogor District, Bogor City, and whose data were complete. These baseline data had been collected with the WHO STEPS method, comprising interviews, physical examination, and laboratory investigations. (14) The respondents with these baseline data were 5280 in number, but 468 of these individuals had type 2 DM (161 persons had been diagnosed as having DM by health personnel, 307 persons had undiagnosed diabetes mellitus based on their blood glucose levels), and 472 persons had not undergone laboratory tests or had incomplete tests. The respondents with type 2 DM who had not undergone laboratory tests were removed from the baseline data and the final number of respondents was 4340 persons (1518 males and 2822 females). The respondents with MetS on the baseline data who had a follow-up in the second year, were to be subjected to an analysis of their risk factors for type 2 DM. The evaluation in the second year could only be performed on 81% respondents with MetS (601 persons with MetS according to the modified NCEP-ATP III criteria and 549 persons with MetS according to IDF criteria).
Laboratory investigations
Venous blood samples to a volume of 8 ml were collected by experienced laboratory technicians from the respondents after a 10-12 hour fast. The collection of the blood samples was conducted in the Center for Applied Health Technology and Clinical Epidemiology in Bogor. The blood samples were centrifuged at 5000 rpm for 3 minutes and subsequently the plasma was separated from the serum. From the serum samples, the blood glucose, total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL) and triglyceride concentrations were determined at Prodia Laboratories, Bogor. On the other hand, the plasma samples were sent to the Biomedical and Health Technology Center for determination of other laboratory indicators.
Blood glucose concentration was determined with the glucose hexokinase II (GLUH) method, total cholesterol with a standard enzymatic method, LDL and HDL cholesterol was determined by a standard homogeneous method, while for triglyceride measurement the glycerol-3-phosphate oxidase (GPO) method was used. These investigations were performed with the Hitachi model 747 automatic analyzer. The subjects were said to be at risk if they had a total cholesterol concentration of >200 mg/dL, triglyceride concentration of >150 mg/dL, LDL cholesterol >100 mg/dL, and HDL cholesterol <40 mg/dL for males and <50 mg/dL for females. A second blood sample of 1 ml was collected 2 hours post loading with 75 g glucose. These blood samples were handled similarly as in the blood glucose determination. (18) 
NCEP-ATP III and IDF criteria for the metabolic syndrome
The metabolic syndrome was diagnosed according to the criteria of the National Cholesterol Education Program Expert Panel (NCEP) and Adult Treatment Panel III (ATP III), that were modified in 2004 and adapted for Asians, and of the International Diabetes Federation (IDF) for 2005. According to the modified NCEP-ATP III criteria for Asians, the definition of MetS comprises the clinical condition meeting at least 3 or more than 5 risk factors, i.e. central obesity (waist circumference >90 cm for males and >80 cm for females), low HDL cholesterol (males <40 mg/dL and females <50 mg/dL, or under treatment), high serum triglycerides (>150 mg/dL, or under treatment), increased blood pressure (>130/85 mmHg or under treatment), and fasting blood glucose (>100 mg/dL or under treatment). (4) In contrast, according to the IDF, the metabolic syndrome must have central obesity (modification for Asians: waist circumference >90 cm in males and >80 cm in females), with 2 additional criteria from among the following: triglyceride level >150 mg/dL, HDL cholesterol (<40 mg/dL in males and <50 mg/dL in females), blood pressure >130/85 mmHg and fasting blood glucose >100 mg/dL. (16) Criteria for type 2 DM Type 2 diabetes mellitus was determined based on the results of interviews, in which the subjects knew that they suffered from DM or had been diagnosed by health personnel and/or by laboratory determination of fasting blood glucose of >126 mg/dL and/or blood glucose level of >200 mg/dL, at 2 hours after loading with 75g glucose (ADA criteria, 2003) . (17) 
Measurements
The waist circumference was measured by means of measuring tape. The respondents were asked to stand upright with the feet together, and avoid wearing heavy clothing. The waist circumference was measured by extending the measuring tape around the abdomen from the midpoint between the lower ribs and the iliac crest. For a prominent abdomen, the most protruding part was taken for measurement. Obesity was determined based on body mass index (BMI) calculated with the formula: weight (kg)/height (m) 2 . The subject was said to be obese if the BMI was >25.0 (according to recommendations of the Indonesian Ministry of Health). (18) Hypertension was determined based on interview results, in which the subjects knew that they had hypertension or had been diagnosed by health personnel, while their blood pressure measurements indicated hypertension according to JNC VII, and the subjects had a history of consuming anti-hypertensive drugs. Measurement of blood pressure was performed in the sitting position on the right arm using a digital sphygmomanometer. The measurement was performed twice with an interval of ± 3 minutes, and if there was a difference of >10 mmHg between the two blood pressure measurements, either systolic or diastolic, then a third measurement was performed after a 10-minute resting period. (18) Total cholesterol, triglyceride, low density lipoprotein (LDL) and high density lipoprotein (HDL) cholesterol concentrations were determined after a fast of 10-12 hours. The subjects were said to be at risk if the total cholesterol was >200 mg/dL, the triglyceride concentration was >150 mg/dL, LDL cholesterol >100 mg/dL, and HDL cholesterol <40 mg/dL for males and <50 mg/dL for females. (18) 
Ethical clearance
The 
Data analysis
Multivariate analysis was performed and agreement between NCEP ATP III and IDF criteria was determined using the kappa (κ) statistic. The interpretation of the kappa agreement was as follows: slight if κ= 0-0.20; fair if κ= 0.21-0.40; moderate if κ= 0.41-0.60; substantial if κ= 0.61-0.80; almost perfect if κ>0.80. (12, 19) 
RESULTS
Non-DM respondents with MetS in the baseline data based on the NCEP-ATP III criteria were 743 in number (17.1%), while those based on IDF criteria were 676 in number (15.6%). Females had a higher proportion of MetS than males, based on NCEP-ATP III (21.1% and 9.7%) as well as on IDF criteria (11.2% dan 5.9%). The metabolic syndrome occurred at the mean age of 47 years. Mean waist circumference, BMI, LDL cholesterol, total cholesterol, and systolic and diastolic pressures in respondents with MetS were greater as compared with residents without MetS, either based on NCEP-ATP III or IDF criteria, whereas HDL cholesterol was lower ( Table 1) .
All respondents with MetS based on IDF criteria were also found to have MetS based on NCEP-ATP III criteria, while 9% of respondents who were said to have MetS according to NCEP-ATP III criteria were considered to have no MetS according to IDF criteria. Kappa agreement between NCEP-ATP III and IDF criteria was 0.94 (p<0.001; CI 95%: 0.93-0.96) or very good (almost perfect). Figure 1 shows that the percentage of MetS based on NCEP-ATP III as well as on IDF criteria increased concomitantly with increasing age, as was also the case with the number of MetS Respondents with MetS who participated in the follow-up accounted for 81%. The observational results showed that there were 78 cases with type 2 DM (13.0%) among the respondents with MetS according to NCEP-ATP III criteria, while among the respondents with MetS according to IDF criteria, there were 69 cases with type 2 DM (12.6%). Respondents who experienced type 2 DM had significantly higher mean values for age, triglyceride, HDL, LDL, total cholesterol, fasting blood glucose and 2-hour pp blood glucose, compared with subjects without DM (p<0.05). On the other hand, waist circumference and BMI did not show significant differences. These results can be seen in Table 2 . As may be seen in Table 3 , after multivariate analysis, respondents with MetS according to NCEP-ATP III criteria had a 4.7 times greater risk for experiencing type 2 DM when under observation in the second year (CI 95%: 3.4-6.5), while respondents with MetS based on IDF criteria had a 4.1 times greater risk (CI 95%: 3.0-5.7). The risk of type 2 DM increased with increasing age. The age group of 35-43 years had a 2.6 times greater risk (CI 95% 1.2-5.6), while the age group of >44 years had a 4.3 times risk (CI 95%: 2.1-8.9). The SM component having the greatest influence on the occurrence of type 2 DM was the blood glucose level of >100 mg/dL. Respondents with fasting glucose level of >100 mg/dL had a 4.6 times greater risk of DM (CI 95%:3.0-7.1). Other MetS components that carried a risk of type 2 DM were central obesity, blood pressure of >130/ 85 mmHg, hypertriglyceridemia, and low HDL cholesterol level.
DISCUSSION
The results of the analysis showed that the prevalence of MetS in non-DM subjects based on IDF criteria was 1.5% lower compared with NCEP-ATP III criteria. These results agree with previously conducted studies in several Asian countries. The Hong Kong Cardiovascular Risk Factor Prevalence Study (CRISPS) in China showed that the MetS prevalence in 1679 subjects according to NCEP-ATP III criteria (14.5%) was also higher than that based on IDF (11.4%). (20) A Table 2 . Distribution of characteristics of subjects with the metabolic syndrome who had type 2 DM after 2 years Table 3 . Risk factors for type 2 DM after 2 years population study in Bangladesh showed that MetS based on NCEP-ATP III criteria was higher (30.7%) compared with IDF (24.5%). (21) Similarly a study in Kuala Lumpur, Malaysia, showed that MetS based on NCEP-ATP III was higher (41.4%) than that based on IDF (38.2%). (22) However, our results are different from those of Adam et al. (3) who reported that IDF-based MetS prevalence in the European population of Adelaide, Australia, was higher (22.8%) compared with the MetS prevalence based on NCEP-ATP III (15%). Similar results were also shown by Nilson (23) who reported that IDF-based MetS prevalence of 37.2% was higher than the MetS prevalence of 24.7% based on NCEP-ATP III criteria. These differences in the results were due to the fact that IDF criteria require the presence of central obesity for determination of MetS occurrence. Even though the values of the other components exceed the normal values, in the absence of central obesity, the subjects will not be categorized as having MetS. In addition, there is the difference in the ethnicity of the populations between Asia and Australia/Europe, for which the cut-off points of waist circumference are different. (4) The MetS prevalence in females was higher than in males, both according to NCEP-ATP III and IDF criteria. These results are in line with the results of a study in Bali, (24) where the MetS prevalence was 18.2% (16.6% for males and 20.0% for females). Similarly, in an American study, a higher MetS prevalence was obtained for females (24%), whereas for males it was 23.4%. (25) Females are more at risk for experiencing MetS, because physically they have a greater chance for increasing their body mass index. The premenstrual syndrome and the postmenopausal period give rise to an easier accumulation of body fat as a result of hormonal processes, which interfere with the action of insulin. (25) Furthermore, the MetS prevalence obtained also depends on the population under study. In the present study, there was a higher proportion of females among the participating subjects.
Respondents with MetS have greater waist circumference, BMI, LDL, total cholesterol, and mean systolic and diastolic pressures, in comparison with those without MetS, according to NCEP-ATP III criteria as well as IDF criteria. The mechanism causing the occurrence of the metabolic syndrome is based on insulin resistance and central obesity (visceral fat). Visceral fat is metabolically more active than peripheral fat. The accumulation of adipocytes will increase the free fatty acids resulting from lipolysis, which will reduce the sensitivity to insulin. This insulin resistance and hyperinsulinemia in turn will cause metabolic changes, leading to hypertension, dyslipidemia, increased inflammatory responses and coagulation, by means of complex mechanisms such as endothelial dysfunction and oxidative stress. (26, 27) The proportion of MetS, both that based on NCEP-ATP III criteria and on IDF criteria increases with advancing age. The number of components associated with MetS also increases, and at a more advanced age the components are greater in number. The occurrence of MetS at a younger age requires close attention. Uncontrolled MetS occurring in younger persons will at a future date carry the risk of atherosclerosis that is associated with MetS, resulting in the occurrence of cardiovascular disease and DM. (26) The MetS criteria, whether based on NCEP-ATP III or IDF, were excellent for determining the occurrence of MetS in our present study. Similar study results were found by Moy and Bulgiba, (22) who stated that although there was excellent agreement between NCEP-ATP III and IDF, 7.6% of the respondents were not diagnosed as having MetS when using the IDF criteria. The study of Chackrewarthy et al. (28) in Ceylon also showed that the IDF criteria failed to identify 21% of males and 7% of females who had been declared as having MetS based on the NCEP-ATP III criteria. This was because respondents who had no central obesity, but had high cardiometabolic risk factors such as blood pressure of >130/85 mmHg, fasting blood glucose of >100 mg/dL, and low HDL cholesterol levels, were not diagnosed with MetS according to the IDF criteria requiring the presence of central obesity plus two other MetS components. (22, 28) On follow up observations, type 2 DM was found in 78 (13.0%) of the respondents with NCEP-ATP III based MetS and in 69 (12.6%) of the respondents with IDF-based MetS. These respondents with DM had a greater mean number of MetS components than the non-DM respondents. The risk of type 2 DM in respondents with MetS according to NCEP-ATP III criteria was 4.7 times greater, whereas respondents with MetS according to IDF was 4.1 greater. These results show that MetS is closely associated with type 2 DM. Similar studies in China showed that MetS according to both NCEP-ATP III and IDF can predict the DM incidence, with risks of 4.1 (95% CI 2.8-6.0) and 3.5 (2.3-5.2), respectively. (20) This is in line with the results of a review of 13 cohort studies that was conducted by Ford, Li and Sattar, (13) also showing that subjects with MetS by NCEP ATP III criteria have a 3.53 times higher risk, and by IDF criteria a 4.42 times higher risk for the occurrence of DM. Cohort studies conducted by Wilson et al. (29) also showed that the risk of DM was 6.9 times higher in subjects with MetS within an 8-year period. The more MetS components, the higher the risk.
The factors affecting the occurrence of type 2 DM, in addition to age, include MetS components such as central obesity, fasting glucose level of >100 mg/dL, blood pressure of >130/85 mmHg, hypertriglyceridemia and low HDL cholesterol level. Fasting glucose level of >100 mg/dL is the component with the greatest risk (4.6 times greater) for occurrence of type 2 DM after 2 years. The aging process causes a reduction in the capacity of pancreatic β cells to produce insulin. In individuals with MetS, insulin resistance is increasingly more severe and finally the insulin secretion decreases, so that there is hyperglycemia and manifestations of type 2 DM. (26, 27) The results of the above analysis show that MetS prevalence is relatively high in the five kelurahan in Bogor. The metabolic syndrome can be used as predictor of type 2 DM. Screening programs and routine monitoring of MetS components are necessary for detecting the onset of type 2 DM, in addition to being supported with changes in life style, dietary pattern, and increased physical activity. The analysis has several limitations, because it did not differentiate between genders, although it is known that there is a difference in waist circumference between females and males. This was because there were more females than males among the subjects.
CONCLUSIONS
Both NCEP-ATP III and IDF criteria can be used as predictors of type 2 DM in subjects with MetS. However, the NCEP-ATP III criteria are more properly used for determining MetS as compared with the IDF criteria. Screening programs and routine monitoring of MetS components are necessary for detecting the onset of type 2 DM.
